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WKHILUVW
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2-3-1- The layup approach
x $VVHPEOHGDQGPHVKHGSDUWVLQVWDQFHVDUH





D E
),*85($VVHPEOHGDDQGPHVKHGESDUWLQVWDQFHV



7KHGLVSODFHPHQWVZHUHUHVWULFWHGE\WDNLQJWKHSLQHGERXQGDU\FRQGLWLRQ IRUDOOQRGHV
ORFDWHGDORQJ WKH ODWHUDO HGJHVRI WKH VSHFLPHQ LQFRQWDFWZLWK WKH IL[WXUHEDVHRI WKHGURSZHLJKWPDFKLQH7KH
LPSDFWRULVPRGHOL]HGDVDQDQDO\WLFDOULJLGKDOIKHPLVSKHULFDOVKHOOZLWKDUDGLXVHTXDOWR DQGDVVRFLDWHG
ZLWKDWRWDOPDVVRI 


x 7KH+DVKLQGDPDJHVDUHJLYHQLQ)LJ
 
D E
),*85(7KHPDWUL[+DVKLQGDPDJHD'DPDJHGHOHPHQWVUHPRYHGE


)LJ  VKRZV WKH ILQDOPDWUL[ LQ WUDFWLRQ GDPDJHZLWK WKH+DVKLQ FULWHULRQ7KH GDPDJH DUHD LV HTXDO WR
 

x (QHUJLHVDUHJLYHQLQWKHIROORZLQJJUDSKV
 
D E
),*85((QHUJLHVDDQG7RWDOFRQWDFWIRUFHE

(QHUJLHVZHUHSORWWHGGXULQJWKHLPSDFWVLPXODWLRQ$QGZHREVHUYHWKDWWKHWRWDOHQHUJ\UHPDLQVFRQVWDQW:H
DOVRREVHUYHWKDWWKHDUWLILFLDO+RXUJODVVHQHUJ\LVYHU\ORZDWWKHHQGRIWKHVLPXODWLRQ)LQDOO\ZHREVHUYHWKDWWKH
PD[LPXPGHIOHFWLRQ WKHPD[LPXPFRQWDFW IRUFH WKHPD[LPXPGDPDJH DQG VWUDLQ HQHUJ\ DUH REWDLQHG IRU WLPH

2-3-2- Cohesive approach
x 7KHSOLHVDQGWKHPHVKHGOD\HUVDUHJLYHQE\
$VSUHVHQWHGHDUOLHUIRUWKHOD\XSDSSURDFKWKHVDPHERXQGDU\FRQGLWLRQVZHUHXVHGIRUWKHQRGHVORFDWHGRQWKH
ODWHUDOHGJHVLQFRQWDFWZLWKWKHIL[WXUHEDVHRIWKHGURSZHLJKWPDFKLQH

 
D E
),*85($VVHPEOHGDDQGPHVKHGESDUWVLQVWDQFHV

 &RKHVLYHHOHPHQWUHVXOWVDUHJLYHQLQWKHIROORZLQJILJXUHV
x +DVKLQ¶VGDPDJHVDUHJLYHQE\
 
D E
),*85(7KHPDWUL[+DVKLQGDPDJHRQSOLHVD'DPDJHGHOHPHQWVUHPRYHGE

x ,QWHUIDFH¶VGDPDJHVDUHJLYHQE\

D E
),*85('HODPLQDWLRQGDPDJHRQLQWHUIDFHVD'DPDJHGHOHPHQWVUHPRYHE

7KH WRWDO PDWUL[ WUDFWLRQ GDPDJH EDVHG RQ WKH +DVKLQ FULWHULRQ UHSUHVHQWV DQ DUHD RI  ZKLOH WKH
GHODPLQDWLRQ GDPDJH UHSUHVHQWV DQ DUHD RI  7KH WRWDO GDPDJHG DUHD LV WKH VXSHUSRVLWLRQ RI WKH WZR
SUHYLRXVO\GHILQHGDUHDV$IWHUDQRUWKRJRQDOSURMHFWLRQZHFDQVHHWKDWWKHPDWUL[GDPDJHDUHDLVLQFOXGHGLQWKH
GHODPLQDWLRQGDPDJHDUHD6RZHFDQFRQFOXGHWKDWWKHWRWDOGDPDJHGDUHDJLYHQE\WKHFRKHVLYHHOHPHQWDSSURDFK
LV 

x 7KH(QHUJLHVDQGFRQWDFWIRUFHDUH
 
D E
),*85((QHUJLHVDDQG7RWDOFRQWDFWIRUFHE



)LJVKRZVWKHHYROXWLRQRIWKHHQHUJLHVGXULQJWKHLPSDFWSKDVH$VSUHVHQWHGHDUOLHUDJDLQWKHKRXUJODVV
HQHUJ\UHPDLQYHU\ORZGXULQJVLPXODWLRQ

 &RKHVLYHVXUIDFHUHVXOWDUHJLYHQLQWKHIROORZLQJILJXUHV
x +DVKLQ¶VGDPDJHVDUHJLYHQE\
 
D E
),*85(7KHPDWUL[+DVKLQGDPDJHRQSOLHVD'DPDJHGHOHPHQWVUHPRYHE

x ,QWHUIDFH¶VGDPDJHVDUH
 
D E
),*85('HODPLQDWLRQGDPDJHRQLQWHUIDFHVD'DPDJHGHOHPHQWVUHPRYHGE


x (QHUJLHVDQGWRWDOFRQWDFWIRUFHDUH
 
D E
),*85((QHUJLHVDDQG7RWDOFRQWDFWIRUFHE

$VLQWKHFRKHVLYHHOHPHQWHYDOXDWLRQDSSURDFKZHPHDVXUHGDWRWDOGDPDJHDUHDRIPPIRUWKHFRKHVLYH
VXUIDFH WHFKQLF 7KH LQWHUQDO HQHUJ\ RI WKH FRKHVLYH VXUIDFH LV YHU\ ORZHU WKDQ WKH RQH RI WKH FRKHVLYH HOHPHQW
DSSURDFKGXHWRWKHHQHUJ\DEVRUEHGDVSHQDOW\ZRUNFRQWDFW

$QDO\VLVDQGGLVFXVVLRQ
$ FRPSDULVRQ RI WKH FRPSXWHG GDPDJHG VXUIDFHV REWDLQHG ZLWK WKH QXPHULFDO PRGHOV DQG WKH H[SHULPHQWDO
UHVXOWVVKRZVWKDWERWKPRGHOVDUHLQDFFRUGDQFH,QIDFWWKHH[SHULPHQWDOO\PHDVXUHGGDPDJHGVXUIDFHLVPRUHRU
OHVV WKHPLQLPDOYDOXHEHFDXVHRI WKHWHFKQRORJ\XVHGIRU LWVHYDOXDWLRQ6RWKHYDOXHREWDLQHGLVQRWDQDEVROXWH
YDOXH EHFDXVH RI WKH H[SHULPHQWDO SURWRFRO DQG WKHPHDVXUHPHQW HUURU 7KHUHIRUH WKH GLIIHUHQFH JLYHQ E\ ERWK
VLPXODWLRQVFDQEHFRQVLGHUHGLQVLGHRIWKHHUURUPHDVXUHPHQW,IWKHGDPDJHGDUHDJLYHQE\WKHOD\XSLVFORVHUWR
WKHH[SHULPHQWDOUHVXOWWKDQWKRVHRIWKHFRKHVLYHDSSURDFKHVWKHFRKHVLYHDSSURDFKHVDUHPRUHUHDOLVWLFVEHFDXVH
WKH\SRLQWRXWGHODPLQDWLRQGDPDJHV$ERXWFRPSXWDWLRQDOWLPHWKHQH[WWDEOHVKRZVFSXWLPHIRUHDFKRIWKHWKUHH
DSSURDFKHVIRUDQLPSDFWVWHSWLPHRIPVRQD+3=ERRN3&ZLWKD5$0DERXW*EDQGDSURFHVVRU ,QWHO
&RUHL04&38#*+]îRQ8EXQWX




7$%/(7LPHGXUDWLRQ

DŽĚĞůĂƉƉƌŽĂĐŚƚǇƉĞ dŝŵĞĚƵƌĂƚŝŽŶ;ƐͿ
>ĂǇƵƉ ϳϴϯ
ŽŚĞƐŝǀĞĞůĞŵĞŶƚ ϴϰϭϰ
ŽŚĞƐŝǀĞƐƵƌĨĂĐĞ ϮϮϭϭϴ


&21&/86,21$1'3(563(&7,9(6
,QWKLVVWXG\ZHGHYHORSHGVRPHPRGHOVWRVLPXODWHWKH%9,'RQDFRPSRVLWHVXEMHFWHGWRDORZYHORFLW\DQG 
ORZHQHUJ\LPSDFW7KHILQLWHHOHPHQWPRGHOVZHSURSRVHG LQ WKLVSDSHUDUHEDVHGRQGLIIHUHQWDSSURDFKHV WKH 
OD\XS WKHFRKHVLYHHOHPHQWVDQG WKH FRKHVLYH VXUIDFHV7KHYDOLGDWLRQRI WKHVHPRGHOVZDVGRQHE\FRPSDULVRQ 
ZLWK VRPH H[SHULPHQWDO UHVXOWV 7KH OD\XSDSSURDFK LV D VWUXFWXUDO PRGHO HDV\ WR LPSOHPHQW ZKLOH WKH FRKHVLYH
DSSURDFKHVDUHPRUHUHDOLVWLFDQGPRUHGLIILFXOWWRLPSOHPHQW7KH\DOVRLQYROYHPXFKPRUHFRPSXWDWLRQDOWLPHWR
FRPSOHWH)XUWKHUZRUNVFRQFHUQWKHHYDOXDWLRQRIWKHUHVLGXDOVWUHQJWKRIWKHGDPDJHGFRPSRVLWHSODWHVE\VRPH
FRPSUHVVLRQDIWHULPSDFWH[SHULPHQWV:HDOVRZDQWWRGHYHORSVRPHQXPHULFDOPRGHOVWRLQYHVWLJDWHWKHGDPDJHV
FUHDWHGE\KLJKYHORFLW\DQGKLJKHQHUJ\LPSDFWV7KHILQDODLPLVWRFRPSDUHWKHVHGDPDJHVRQDSDQHORIGLIIHUHQW
HQHUJLHVDQGFRPSOHWHRXUNQRZOHGJHDERXWG\QDPLFUHVSRQVHRIFRPSRVLWHVWUXFWXUHV
5()(5(1&(
 )&DSXWR*/DPDQQD$'H/XFD9/RSUHVWRNumerical simulation of LVI test onto composite plates$,3
&RQI3URFSS±
 */DPDQQD56HSH$3R]]LTensile testing of hybrid composite joints$SSO0HFK0DWHUSS
±
 = 6KDULI.KRGDHL 0 *KDMDUL 0+ $OLDEDGL Determination of impact location on composite stiffened 
panels6PDUW0DWHU6WUXFW
 $6.DGGRXU0-+LQWRQ3$6PLWKDQG6/LA comparison between the predictive capability of matrix 
cracking, damage and failure criteria for fibre reinforced composite laminates: Part a of the third world-wide 
failure exercise-RXUQDORI&RPSRVLWH0DWHULDOVSS±
 6$EUDWHImpact on laminated composite materials$SSOLHG0HFKDQLFV5HYLHZV±
 3&KDL*%DQG0DQLNDQGDQLow velocity impact response of fibre-metal laminates–a review&RPSRVLWH
6WUXFWXUHVSS±
 /HPDQOH6DQJD53*DUQLHU&DQG3DQWDOp2Finite Element Simulation of Low Velocity Impact Damage 
on an Aeronautical Carbon Composite Structure$SSO&RPSRV0DWHUSS
 )&DSXWR'H/XFD56HSH1XPHULFDO VWXG\RI WKH VWUXFWXUDOEHKDYLRXURI LPSDFWHG FRPSRVLWH ODPLQDWHV
VXEMHFWHGWRFRPSUHVVLRQORDG&RPSRVLWHV3DUW%(QJLQHHULQJSS±
 6-lJHU$3LFNHWWDQG30LGGHQGRUIA discrete model for simulation of composites plate impact 
including coupled intra- and inter-ply failure.$SSOLHG&RPSRVLWH0DWHULDOV
 '66LPXOLD7KH$EDTXVYGRFXPHQWDWLRQFROOHFWLRQ
 = +DVKLQ Failure criteria for unidirectional fiber composites -RXUQDO RI DSSOLHG PHFKDQLF 
SS±
 =+DVKLQDQG$5RWHPA fatigue criterion for fiber-reinforced materials-RXUQDORI&RPSRVLWH0DWHULDOV
SS±
 0/ %HQ]HJJDJK DQG 0 .HQDQH Measurement of mixed-mode delamination fracture toughness of 
unidirectional glass/epoxy composites with mixed-mode bending apparatus &RPSRVLWH 6FLHQFH DQG
7HFKQRORJ\SS±

